Objective: The study aimed to survey price reductions such as discounts and rebates granted for medicines used in hospitals.
INTRODUCTION
In the area of medicine prices, discounts and rebates have been playing an increasing role. They are used by stakeholders in the supply chain to compete on prices, particularly on generic medicines [1, 2] . Some countries regulate the maximum discounts and rebates in the supply chain: For instance, France limits discounts granted for reimbursable medicines by manufacturers and wholesalers to pharmacists by allowing a maximum discount of 2.5% to reimbursable originators and of 17% to reimbursable generics [3] . Studies suggest a loss of efficiency for public savings due to such discounts [4] [5] [6] .
In addition to price reductions offered to private actors in the supply chain, discounts and rebates may also be granted to public payers, thus contributing to savings on the pharmaceutical bill. According to a survey [7] , in 25 of 31 *Address correspondence to this author at the WHO Collaborating Centre for Pharmaceutical Pricing and Reimbursement Policies, Health Economics Department, Gesundheit Österreich GmbH/Österreichisches Bundesinstitut für Gesundheitswesen (GÖG/ÖBIG, Austrian Health Institute), Stubenring 6, A 1010 Vienna, Austria; Tel: + 43 1 51561/147; Fax: + 43 1 513 84 72; E-mail: sabine.vogler@goeg.at surveyed European countries discounts and rebates were granted to public payers by pharmaceutical companies, of these, in 21 countries in the out-patient sector. The most common discounts and rebates identified were price reductions and refunds linked to sales volume but types such as in-kind support, price-volume and risk-sharing agreements are also in place. A mix of various types of discounts and rebates is common. Risk-sharing and further managed-entry agreements, which try to manage uncertainty, are on the rise in several European countries, e.g. in the UK (patient access schemes), in Italy, Poland and the Baltic States [8] [9] [10] .
That survey [7] also provided an indication about the role of discounts and rebates in the in-patient sector: The existence of discounts and rebates granted to public payers for medicines used in the hospital sector was reported from 25 of the 31 surveyed European countries.
several European countries competent authorities responsible for pharmaceutical pricing have established their own systems of price data collection because the policy of external price referencing (i.e. using the price(s) of a medicine in one or several countries in order to derive a benchmark or reference price for the purposes of setting or negotiating the price [18] ) is a wide-spread practice [19] .
Despite these advances two major limitations remain. First, price studies are usually limited to a survey of the official prices because discounted prices are, in general, not known due to the confidential character of discount and rebate agreements. As a result, countries which apply external price referencing refer to the published prices. Therefore, they are likely to lose savings which they could have achieved by using discounted price data [20] . Second, prices surveys and comparisons are usually focused on the out-patient sector. The authors are aware of only one unpublished European price survey for hospital medicines which, commissioned by the Danish Ministry of Health, was undertaken for eight countries (Canada, Denmark, England, France, Germany, the Netherlands, Norway, Sweden) [21] .
The limited interest in medicine prices in hospitals might be attributable to the fact that pharmaceutical expenditure has been fairly constant over the years (usually five to ten percent of a country's pharmaceutical budget) [22] . But recently hospital medicines have attracted the attention of policy-makers because growth in hospital pharmaceutical expenditure has been observed due to the introduction of new, expensive medicines. Further, it has been acknowledged that medication started during the hospital stay can influence future medicines prescribed after a patient has been discharged [23] [24] [25] [26] [27] .
The aim of this study is to understand the role of discounts and rebates granted for medicines used in hospitals and to survey their existence and extent for a sample of selected medicines in some European countries. Particularly, we will analyze the relevance of discounts and rebates with regard to different therapeutic classes and procurement procedures. A cross-country comparison of medicine prices in the hospital sector is not within the scope of this article, and we will not compare the results to prices, discounts and rebates of the out-patient sector.
MATERIALS AND METHODOLOGY
The price survey was performed within the framework of the European Commission co-funded Pharmaceutical Health Information System (PHIS) project. PHIS aimed to improve knowledge about in-patient and out-patient pharmaceutical systems in all EU Member States [28] . We developed a methodological framework for surveying and analyzing medicine prices in hospitals. We worked on the methodology in spring 2009, and we refined the draft in summer 2009 after having received feed-back from the PHIS project management team and the PHIS Advisory Board.
Selection of Countries and Hospitals
The study was of exploratory character, and limited to the countries and hospitals which were willing to cooperate. The selection of the countries was primarily based on practical considerations whether our national cooperation partners (representatives of competent authorities for pharmaceutical pricing and reimbursement and national hospital pharmacists' associations) were able to identify hospitals which agreed to participate in the survey. Though we guaranteed anonymity, the search for cooperating hospitals proved difficult in some of the countries.
We also aimed to consider some scientific selection criteria in the choice of the countries: 1) a balance between "old" and "new" European Union Member States (acceded to the EU before and after May 2004) and European Economic Area (EEA)/European Free Trade Association (EFTA) countries; 2) a balance between countries with a social health insurance system and those with a national health service; 3) a balance of countries with a centralised and with a decentralised procurement policy for medicines used in hospitals; and 4) countries of different economic wealth. Countries selected were Austria, the Netherlands, Norway, Portugal and Slovakia. Given the practical limitations, we could not reach a balance in all cases, but we had at least one new EU Member State (Slovakia) and an EEA/EFTA country (Norway) in the sample (criterion 1), representing countries in different economic situations (criterion 4), and we had the balance regarding countries with a social health insurance system (Austria, the Netherlands, Slovakia) and those with a national health service (Portugal, Norway) (criterion 2). Also, we included one country (Norway) with centralized tendering for medicines in hospitals (criterion 3).
We performed the survey in five hospitals in Austria, three hospitals in the Netherlands, four hospitals in Portugal, two hospitals in Norway and eleven hospitals in Slovakia.
We focused on general hospitals and on hospitals in public ownership. Most of the hospitals willing to participate were rather large hospitals with more than 400 or 500 acute care beds. Table 1 provides an overview of the hospitals in the sample in relation to the total of the hospitals in the selected countries. The low percentage of hospitals from the total number of hospitals (around two percent except for Slovakia) confirms the non-representative character of the study.
Definition of Price Types and Price Reductions
The price types surveyed were the official hospital list prices and the discounted prices paid by the hospitals ("actual prices").
The official list prices of medicines used in hospitals correspond, in principle, to the published ex-factory prices applicable in the out-patient sector in several European countries [29] . In our study, this is the case for Austria and Slovakia. In the Netherlands and in Norway (out-patient) medicine prices are regulated at the pharmacy purchasing price (wholesale price) level, and no statutory wholesale mark-up is in place [30] [31] [32] . Thus the pharmacy purchasing price was referred to as the official price type in these countries. In Portugal several medicines for hospital (only) use do not have an official list price corresponding to the exfactory price. Medicines are centrally tendered by the Central Administration of the Health System (ACSS) [33] . Therefore we interpreted the official ACSS tendering price as list price. In European countries hospitals are frequently supplied directly by the manufacturers but deliveries by wholesalers are possible though less common [22] . If the selected hospitals were supplied by wholesalers (we surveyed the information on the delivery chain), then we understood the pharmacy purchasing price (wholesale price) as the official hospital price. This occurred in the case of one hospital in Austria and all hospitals in Slovakia. In Slovakia the official list price contained the statutorily regulated wholesale markup for deliveries to hospitals which differs from the statutory wholesale mark-up applied for out-patient medicines [34] .
Preliminary results of a mapping exercise about medicines management in hospitals in European countries [35] suggested different kinds of price reductions: The most common ones include discounts, ex-post rebates, cost-free products and bundling. Definitions for these types of price reductions are provided in Table 2 in accordance with the Glossary of the WHO Collaborating Centre for Pharmaceutical Pricing and Reimbursement Policies [18] and were applied in our study.
Selection of Medicines
We applied a multi-phase approach to select the medicines for the survey. As a first criterion, we focused on medicines which account for a comparatively high share within the hospitals' budgets. Data about the active ingredients accounting for the highest expenditure in the inpatient sector in 2007 or 2008 were retrieved from PHIS Hospital Pharma Reports of the selected countries [33, 34, [36] [37] [38] .
We created a draft sample and extended it by including medicines which were likely to impact the pharmaceutical bill of the countries due to high utilization (e.g. high volume products in the out-patient sector such as cardiovascular medicines). In this preliminary selection the following therapeutic groups were included: cardiovascular medicines, contrast media, hematology medicines, neurology medicines (especially for multiple sclerosis), nutrition (electrolyte), oncology medicines (breast, colon, leukemia), and transfusion medicines.
To ensure that we would not miss relevant medicines, we investigated which medicines had been included in other price surveys. Three price surveys were considered as relevant: the COWI report [21] , the voluntary internal price exchange exercise INFOPRICE among EU Member States in the framework of the Transparency Committee [39] and an orphan medicines survey [40] . We aimed to achieve a balance between the on-patent and off-patent segments: Wherever generics were available, we intended to survey the prices of both originator medicines and generics. We excluded medicines with limited comparability, e.g. due to different dosage forms or bulk packages in the different countries. In a final stage, we also checked the availability of the medicines, and their commonly available dosage and pharmaceutical form, in the five countries in order to get an idea about frequently used presentations. We based the availability check on the Pharma Price Information (PPI) service of Gesundheit Österreich GmbH (Austrian Health 3 -small hospitals AT = Austria, NL = the Netherlands, NO = Norway, PT = Portugal, SK = Slovakia. n = number of hospitals of the sample in that country; % = percentage of hospitals of the sample as share of the total number of hospitals in that country. Large hospitals = > 500 acute care beds, medium-sized hospitals = 400-500 acute care beds, small hospitals = < 400 acute care beds; a different definition for Slovakia (according country-specific classification): large hospitals = > 400 acute care beds, medium-sized hospitals = 200-400 acute care beds, small hospitals = < 200 acute care beds.
Table 2. Definitions of Types of Price Reductions Applied for Medicines in Hospitals Terms Definitions
Discount A discount is a price reduction granted to specified purchasers under specific conditions.
Rebate
A rebate is a payment to the purchaser after the transaction has occurred. Purchasers (either hospitals or pharmacies) receive a bulk refund from a wholesaler, based on sales of a particular product or total purchases from that wholesaler over a particular period of time.
Cost-free medicines Cost-free medicines are products which are given to hospitals/hospital pharmacies in the course of the delivery without need for payment (e.g. from a wholesaler to hospitals/hospital pharmacies or a pharmaceutical company to hospitals/hospital pharmacies).
Bundling
Bundling is a marketing strategy that involves offering several products for sale as one combined product.
Source: [18] .
Institute) which comprises, mainly out-patient, medicine prices of 30 European countries [41] . Table 3 displays the 12 active ingredients selected and the presentations (pharmaceutical form, dosage and pack size) which were chosen for the analysis (see next section). The listing in the table corresponds to the ranking in accordance to the selection criteria.
Collection and Analysis of Data
Apart from Slovakia, we surveyed all price data in personal study visits to the hospitals. Research teams of at least two persons (the authors and/or national cooperation partners in the PHIS project) met with the hospital pharmacists and collected the price data on site. Furthermore, we performed interviews about medicines management and deliveries in the surveyed hospitals. On average, the study visits took about three hours per hospital. In Slovakia, we made study visits to three hospitals. Hospital pharmacists from the remaining hospitals filled in the price data collection sheet and returned it to us. Their participation in the survey followed our attendance at a meeting of hospital pharmacists represented in the national association where we presented the project and asked for their support.
The research teams had a template to survey the price data. Information about the availability of the presentations on the (out-patient) market and ex-factory prices (Austria, Portugal, Slovakia) or pharmacy purchasing prices (the Netherlands, Norway) were already prefilled. These price data were obtained from the Pharma Price Information (PPI) service of Gesundheit Österreich GmbH (Austrian Health Institute) [41] . The actual hospital prices were directly retrieved from the internal databases of the hospitals. Price data were collected in national currencies and for the full packs. In the analysis we converted them into unit prices in Euros (at the daily exchange rate).
We collected price information on all presentations available in the hospitals (different pharmaceutical forms, dosages and pack sizes) of the selected active ingredients. In a second step, we selected one presentation (specific pharmaceutical form, dosage and pack size) for the comparative analysis. The defined medicine was the most frequently available presentation across the selected hospitals. If in some of the surveyed hospitals the medicines were used in a different pack size, or dosage, compared to the defined presentation, then we considered those presentations as comparable and included them in the analysis. However, if generics were available in a different dosage than the dosage of the originator (e.g. Amlopidin 10mg instead of 5mg), we disregarded the different dosage in that case because we did not want to distort the picture regarding the pairs of originator/generic medicines. Information on the availability of price data for the comparable presentations will be provided together with detailed results on discounts and rebates per active ingredient and country in Table 4 .
In the data collection sheet we also recorded, wherever this was disclosed to us, the kind of price reduction. In the analysis we took expected future rebates into account if the respondents could specify their extent (e.g. extrapolation of previous years). This was only the case in Portugal. Both official hospital list prices and actual hospital prices were surveyed and analyzed as net prices, i.e. excluding the value added tax. Discounts were determined by calculating the difference between the official hospital list price and the actual hospital price; additional information on discounts and rebates (e.g. confidential agreements) was considered.
Since in Slovakia four of the eleven hospitals were in the metropolitan region under the same ownership and displayed identical data, we decided to merge their data and to interpret them as one hospital in the analysis.
RESULTS
In all five countries price reductions in the form of discounts, rebates or cost-free medicines were identified for some of the medicines surveyed.
Overall Picture on Price Reductions for the Surveyed Medicines
The existence and extent of the discounts and rebates varied across the different medicines ( Fig. 1): The median price reduction was zero for several active ingredients (trastuzumab, rituximab, etancerpt, imatinib, infliximab, interferon -prefilled syringe presentation, atorvastin/generic versions, clopidogrel/originator). While the whiskers of the boxes in the boxplot tended to be rather short for these products, there were cases of outliers for some of the medicines. Imatinib was the only medicine which was never provided at a reduced price in any of the hospitals. Most of these medicines for which no or only little discounts and rebates were granted were on-patent oncology medicines.
A major part of the remaining medicines in the sample were cardiovascular medicines, and most of them had generic alternatives available. For these products higher median discounts and rebates were observed, amounting to 50 percent and more, and the interquartile ranges and the whiskers were larger.
In the cases of originator and generics being available in all selected countries (these were only amlodipin and atorvastatin, since clopidogrel was off-patent in only one country at the time of the survey), discounts and rebates for the originator version were overall higher than for the generics. Clopidogrel -G n.a., n.a.; 0 n.a., n.a.; 0 n.a. n.a., n.a.; 0 0.1 -4.5; 2.3; 2 G = generic, n = number of hospitals in the country, n.a. = presentation not available in the hospital, n.k. = price/discount not known, O = originator, R = at least one hospital in the country reported on the existence of ex-post rebates (some hospitals specified the amount of rebates based on experience of the previous years; other did not). * Data were collected from two hospitals, but not documented separately. So the data need to be understood as for one hospital; thereof no minimum, maximum and average values are indicated. ** Data were collected from 11 hospitals, however four of them in the metropolitan region were under the same ownership. Since they displayed identical data, it was decided to merge the data. How to read this table: 0.0 = the hospital gets no discount and pays the full price; 22.8 = the hospital gets a discount of 22.8%; 100 = the hospital does not pay for the medicine (for different reasons: medicines might be supplied cost-free by the manufacturer, the procurement is done at central level and not by the individual hospital, a mix of discounts and rebates is provided which sums up to 100 percent). Data in italics: central/regional tendering: e.g. tendering by the central procurement agency LIS in Norway, regional tendering of immunoglobulin by one hospital in Austria, tendering of some high-cost medicines by the General Social Insurance in Slovakia. Fig. (2) shows the extent of discounts and rebates per country. Three of the five selected countries had median discounts and rebates of zero percent, only the Netherlands and Norway had median values above zero (3.4% and 5.9% respectively).
Overall Picture on Extent and Types of Price Reductions in the Selected Countries
The boxes and whiskers of the results for the Netherlands and particularly Austria were rather large and suggest a differentiated approach per active ingredient, or hospital, within the countries. In the remaining countries, the 3 rd quartiles were below 20 percent, however with a few outliers of 80 percent and more. In fact, price reductions of 100 percent were found in several cases in Austria and, however only in one case each, in Portugal and Slovakia.
The price reductions usually had the form of discounts. In addition, in Austria and Portugal ex-post rebates were granted after the end of the business year, taking into consideration the overall sales volume of the hospital with the manufacturer. Cost-free provision of specific medicines was common in hospitals in Austria.
Country-Specific Results on Procurement of Medicines in Hospitals and the Extent and Types of Price Reductions for the Selected Medicines
In Austria medicines were, with few exceptions (immunoglobine, doxetaxel), either supplied at no discounts, or given for free. No discounts were granted for trastuzumab, etanercept, imatinib, infliximab, interferon beta 1a and clopidogrel (originator). The number of medicines for which no discounts were granted was higher compared to other countries. Amlodipin, simvastatin and atorvastatin (the hospitals decided to have either the originator or the generic version) were provided for free to the hospitals. The survey was performed shortly before the patent expiry of clopidogrel, and hospital pharmacists expected to obtain the medicine (either the originator or the generic version) costfree after patent expiry. Joint tendering at regional level was done in a single case (immunoglobline), and the discount O = originator, G = generic For the selected presentations see Table 3 Simvastatin, originator version: not available in the surveyed hospitals Boxplot calculated in R: The box displays the interquartile range (IQR): the bottom and top of the box are the 25 th and 75 th percentiles (the 1 st and 3 rd quartiles, respectively), and the band near the middle of the box is the median. The dashed lines describe the bottom and top whiskers. Please note that whiskers can be no longer than a certain length; in R the default is that whiskers can be no longer than 1.5 times the IQR. The small circles indicate extreme data points (commonly referred to as "outliers"). discounts and rebates (in %)
achieved was slightly higher compared to the one achieved by the four hospitals which had negotiated on their own. In all other cases, medicines were purchased in direct negotiations between hospitals and manufacturers (or the wholesaler, in the case of one hospital). For clopidogrel and docetaxel ex-post rebates were expected, and an extra vial was given for free to hospitals on procuring docetaxel.
In the Netherlands, no discounts were granted for trastuzumab, rituximab and imatinib and interferon beta 1a and minor discounts for further oncology medicines and an anti-flammatory product. Higher discounts (between 26 and 90 percent) were granted for cardiovascular medicines. Though discounts on the same medicines differed slightly across the three hospitals, they were more or less in the same dimension. All three hospitals individually procured the medicines.
In Norway the procurement agency LIS centrally procured medicines for all public hospitals. LIS defined a preferred presentation and tendered for it. LIS was able to obtain discounts for all medicines of the sample which they had tendered for. There were, however, differences across the therapeutic groups and between the segments of onpatent or off-patent medicines. For on-patent high-cost oncology medicines (such as trastuzumab, rituzimab) rather low discounts (around five percent) were granted. Yet, Norway was, besides Slovakia, the only country which obtained discounts on these medicines (Portuguese hospitals received rebates due to bundling). For medicines where generics were available, LIS obtained discounts of around 80 percent -no matter whether they opted for tendering the originator or generic versions. Medicines not tendered by LIS (e.g. different pack sizes, dosages) were purchased individually by the hospitals, and in these cases hospitals usually had to pay the full official list price. Overall, Norway had the highest median of the price reductions.
In Portugal the Central Administration of the Health System (ACSS), a federal entity, tendered for a range of medicines used in hospitals, and set an official tendering price which was usually valid for a few years. In a second step, hospitals individually purchased the medicines they needed, and they could obtain price reductions during the procurement process. The most frequently identified price reductions were ex-post rebates, with a bundling element, since these rebates were granted for a specific sales volume on all medicines of a supplier during a year. Ex-post rebates were usually in the range of ten to 30 percent.
Slovakia was the country in the sample with the lowest number of products available in the hospitals. Discounts could be obtained but usually they were lower compared to the other countries. Several medicines were subject to a limited tender process, which required evaluating bids from three suppliers (so-called "market surveillance"). In our sample, immunoglobulin, amolodipin and clopidogrel were procured via this limited tendering process. We found that AT = Austria, NL = the Netherlands, NO = Norway, PT = Portugal, SK = Slovakia For the selected presentations see Table 3 Boxplot calculated in R: The box displays the interquartile range (IQR): the bottom and top of the box are the 25 th and 75 th percentiles (the 1 st and 3 rd quartiles, respectively), and the band near the middle of the box is the median. The dashed lines describe the bottom and top whiskers. Please note that whiskers can be no longer than a certain length; in R the default is that whiskers can be no longer than 1.5 times the IQR. The small circles indicate extreme data points (commonly referred to as "outliers"). one specific dosage was procured by "market surveillance", whereas another dosage of the same active ingredient was purchased via individual negotiations between the supplier and the hospital. Results did not show a clear picture as to whether the "market surveillance" process led to higher discounts compared to negotiations, and the extent of discounts varied across the hospitals even if they all applied this limited tendering process. The highest discounts, still comparatively low with regard to other countries, were obtained when the General Health Insurance centrally tendered medicines, which they did for high-cost medicines. In our sample docetaxel (discounts between 4% and 15%) and interferon (5%) were centrally tendered. A few products were provided for free (as a "gift") to some of the hospitals; among the presentations selected for the comparative analysis this occurred in one case (Atorvastatin 20mg, 30 tabs, generic version).
Detailed results on minimum, median and maximum values per active ingredient and country are provided in Table 4 .
DISCUSSION
The price survey confirms the existence of discounts and rebates granted for medicines used in hospitals in European countries. It provides evidence to the anecdotic knowledge about this issue, and, at the same time, it challenges the wide-spread belief that all medicines in hospitals are granted price reductions. Cardiovascular medicines tended to be granted high discounts and rebates or were provided for free whereas the prices of on-patent oncology medicines were not discounted at all.
The results show a heterogeneous picture concerning the types of price reductions in the surveyed countries. Specific types of discounts were very common in a few countries (e.g. rebates in Portugal), but not reported from others. The practice of supplying medicines cost free to hospitals, which is permitted in some European countries and forbidden in others [29] , was confirmed for Austria: the results suggest a broad use of cost-free provision of particular medicines. It can be speculated that specific arrangements such as rebates combined with bundling and cost-free provision of medicines might be incentivized by decentralized procurement processes which, as the literature suggests, are characterized by biased decisions and less quality information compared to centralized tendering [42] .
The highest median price reduction was reported from Norway. Looking at the individual values in Norway, the highest discounts were obtained when central tendering was done by the procurement agency LIS. The hypothesis that central procurement might obtain better prices has been discussed in the literature but empirical evidence is scarce [43] . Our study cannot provide a definite answer as to whether centralized procurement is able to systematically obtain lower prices compared to decentralized processes. But our price data on some centralized or joint procurement (LIS in Norway, procurement by the General Health Insurance in Slovakia, one case of regional joint tendering in Austria) appear to support this assumption. Further, our findings challenge the suppliers' statement that hospitals would be granted a "premium price" in return for confidential agreements. In fact, the surveyed hospitals of each country received more or less the same extent of discounts and rebates, with the exception of Slovakia where hospitals frequently apply a limited tendering process.
While there were country-specific variances on the extent and type of discounts and rebates, we could identify a homogeneous pattern across the different countries about which medicines were likely to obtain price reductions, and which not. No, or only minor, discounts are granted for onpatent, usually high-cost medicines such as oncology medicines where hospitals have no alternative but to purchase them. During the interviews hospital pharmacists commented that they were fully aware of their inability to obtain price reductions on these medicines since, due to the "monopoly situation" of these products, their purchasing power was limited. However, (considerable) price reductions were obtained for medicines when competitor products were available, no matter whether those were generics (e.g. simvastatin) or not (immunoglobins).
Hospitals' procurement of medicines at discounts, including the cost-free provision of medicines, has an impact beyond the in-patient sector. Studies have shown how the start of a treatment during the hospital stay can influence future medication in the out-patient sector after a patient has been discharged [23] [24] [25] [26] [27] . Therefore, manufacturers are motivated to grant large discounts, up to 100 percent, for medicines which are of strategic relevance for them, i.e. medicines to start treatment in hospitals and to be continued long-term in the out-patient sector. In fact, our findings show that cardiovascular medicines are regularly granted high price reductions or are provided for free in a few countries. Interestingly, in our sample it tended to be the originator versions which were granted high discounts and rebates or were even provided cost-free. These findings suggest that the suppliers of the originator medicines were the first to offer the high price reductions in order to ensure the use of their product in the starting therapy in hospital care.
During the interviews, hospital pharmacists stated that they were happy to accept discounts, rebates and cost-free medicines offered to them: They are required to procure medicines in a cost-effective way to minimize the burden on the hospital pharmaceutical budget which they are responsible for. Hospital pharmacists appeared to be fully aware of the impact of highly discounted medicines on the out-patient sector, but they would not be rewarded for applying an integrative system perspective.
Both hospital pharmacists' behaviour as well as the pricing strategies applied by the suppliers are incentivized by the underlying national policy frameworks. In the countries surveyed, as well as in other European countries [29] , the pharmaceutical system is characterized by two distinct sectors, with different payers for the pharmaceutical bill in the out-patient and hospital sectors. Out-patient medicines expenses are, at least partially, covered by third party payers such as the National Health Service (Norway, Portugal) or a social health insurance (Austria, the Netherlands, Slovakia). For in-patients, medication costs are fully covered and paid out of the hospital budgets, which are funded by the hospital owners (e.g. regions, state, and municipalities) [33, 34, [36] [37] [38] .
Our findings highlight the need for designing and implementing appropriate pharmaceutical policies at the interface of the in-patient and out-patient sectors. Some joint funding mechanisms exist in the surveyed countries: In Norway hospitals pay for specific medicines such as tumor necrosis factor (TNF) medicines and medicines for the treatment of multiple sclerosis that patients need after hospital discharge. The funding of these medicines was transferred from the national out-patient funding scheme to hospital budgets in 2006 and 2008 respectively [29] . In the Netherlands, high-cost medicines are 80 percent funded by the social insurance with the remaining costs covered from the hospital budget (orphan medicines are 100 percent covered) [37] . In Slovakia, as said, the General Health Insurance centrally tenders for high-cost medicines used in hospitals [34] , and in Austria sickness funds in two of the nine provinces cover the cost of oncology medicines used in hospitals [38] . The authors consider these approaches to be valuable initiatives with representatives of both sectors to create a common understanding and a joint responsibility for the pharmaceutical bill. Since high-cost medicines are targeted, these measures are expected to have considerable economic impact.
Still, these measures appear not to be sufficient since discounts do not occur in the high cost on-patent segment but they were particularly observed on lower priced, high volume medicines. Good practice examples which can serve as models of interface management policies are joint reimbursement lists and joint Drugs and Therapeutics Committees (e.g. in the Stockholm County in Sweden [44] , or Scotland [45] ), which address both the out-patient and inpatient sectors.
This study has some limitations. We could not collect the required price data in all cases for different reasons. First, we always needed both the official hospital prices and the actual hospital prices. In some cases (e.g. Portugal), not all medicines had an ex-factory price (due to regulation before 2006) and we had to interpret tendering prices from central procurement as official prices. Second, the selected presentations chosen for the analysis were not used in some of the surveyed hospitals. Where appropriate, we included an alternative presentation in the analysis (e.g. docetaxel, 1 x 2ml (40mg/2ml) instead of the reference presentation of docetaxel, 1 x 2ml (80mg/2ml). Third, the price reductions are likely to be underestimated because the extent of ex-post rebates could not be considered in all cases.
The study is an exploratory piece of research which aimed to bring insight into an area where little evidence has been published. Since we had to work on a limited sample of countries and hospitals, the study cannot be considered representative. The number of hospitals included per country varies and is quite low for some of the selected countries.
Notwithstanding these limitations, the study provides an addition to existing knowledge. Medicines management in hospitals has been a rather unknown field for researchers and policy-makers for a long time, and the investigation of pharmaceutical policies in the in-patient sector has been urged [31] . Surveys of medicine prices have usually focused on the out-patient sector [14] [15] [16] . To our knowledge, this is the first study in Europe surveying the difference between official and actual prices in hospitals. The findings of our study build on a survey about estimated discounts and rebates in the hospital setting in European countries, but that survey was not performed at product level [29] . Furthermore, we were successful in gaining access to unpublished medicine price information which is confidential in many countries. Finally, we developed a methodology which can be used to replicate the survey in further countries.
The study is a valuable starting point for political discussions about the impact of confidential arrangements on prices and the need for more transparency of medicine prices. It is recommended that the evidence base be extended by performing the survey in further countries.
CONCLUSION
This study shows that discounts and rebates are granted for some medicines for hospital use. The results suggest product-specific patterns. Hospitals appear to have little leeway to negotiate price reductions for medicines which do not have therapeutic alternatives. High price reductions, including cost-free provision of medicines, tend to be granted for products whose treatment is likely to continue in primary care after the patient is discharged from hospital. These pricing strategies appear to be incentivized by the existing dual financing systems involving different payers in the out-patient and in-patient sectors. Our findings highlight the need for policy measures which are able to bridge the gap between the out-patient and in-patient sectors. The results also suggest that central procurement is likely to result in higher discounts which might be attributable to the stronger market purchasing power of a single purchaser. Further research is recommended to better understand the reasons for the variances in type and extent of price reductions among countries, to investigate the impact of different procurement processes, and to clarify whether a replication of the study in other European countries will show similar results.
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